Quaternary a amino acids bearing adjacent hydroxyl functionalities are structural features present in numerous metabolites of biological relevance including myriocin, 1 the proteasome inhibitor lactacystin, 2 and the antitumor agent (-)-altemicidin ( Fig. 1 ). 3 Even structurally simpler a-branched serines and threonines are also important synthetic targets. 4 Furthermore, (S)-a-vinyl serine and other a-vinyl amino acids show interesting biological activities as suicide inhibitors for enzymes of the amino acid decarboxylase class.
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Figure 1. Compounds incorporating quaternary b-hydroxylated a-amino acids
Sphingolipids are a family of lipids that play essential roles as structural cell membrane components and also in cell signalling through a complex metabolism catalyzed by specific enzymes. 6 From a structural point of view, most mammalian sphingolipids share a common backbone incorporating (E)-2-amino-4-octadecen-1,3-diol (sphingosine). Interestingly, structural analogues of sphingosine such as quaternary 2-vinyl compound 2 might act as selective inhibitors of these enzymes. We envisaged that both b-hydroxylated a-amino acids such as (S)-a-vinyl serine and certain analogues of sphingolipids such as compound 2, might be generated from protected 2-amino-2-vinyl-1,3-diols ( Figure 2 ).
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As part of our studies aimed at the synthesis of polyhydroxylated a-amino acids, 8 we recently reported a new tandem reaction leading to protected tosylcarbamates 3 in high yields and excellent diastereoselectivities (Scheme 1). 9 This simple one-pot process was based on the hydroboration of tosyl allene 4 with Cy 2 BH, followed by the addition of an aldehyde. However, in practice this procedure was hampered by drawbacks related to the use of the N-tosyl protecting group. This enhances the electrophilic character of the carbonyl group in 4 favoring hydrolysis of the carbamate or its isomerization to Ntosylcarbamates 5 in aqueous or dry basic media, respectively. Unfortunately, these deleterious side reactions have also been observed 10 occasionally during work-up and/or chromatographic purification of compounds 3. On the other hand, removing the robust tosyl group in the final steps of a multi-step synthetic sequence could be troublesome limiting the synthetic utility of the methodology.
Some of these drawbacks were encountered in our approach to the synthesis of vinylsphinganines such as 2, potential inhibitors of sphingosine-1-phosphate lyase. We envisaged that allene 1, easily obtained from 2-butyn-1,4-diol in 61% yield (Scheme Presumably, the relative stereochemistry of 6a arises from the hydroboration of the less hindered face of allene 1 to afford the corresponding (Z)-2-alkenylborane that is added to the aldehyde through a six-membered transition state where 1,3-axial interactions are minimized. Surprisingly, N to O migration of the benzoyl group in carbamate 6a had also occurred. 12 A corresponding migration was not observed when tosylated allene 4 was subjected to similar transformations. As expected, protected carbamate 6a was stable under basic, non-nucleophilic conditions (DBU) and the ring isomerization observed in the case of tosylcarbamates 5 did not occur with the benzoyl derivative. The reaction was repeated with a variety of aldehydes (Table 1) , in order to explore its scope. Carbamates 6 were obtained in good yields for aliphatic (entries 1 and 2), aromatic (entry 3), a,b-alkenyl (entries 4 and 5) and a,b-alkynyl aldehydes (entry 6). In all cases N to O migration of the benzoyl group was observed. Furthermore, a single diastereomer 13 was always obtained including in the cases of those carbamates that might be useful in the synthesis of SPL inhibitors (entries 2, 5 and 6). Compound 6i was used to check the deprotection steps in the synthesis of sphingosine derivatives such as myriocin ( Figure 1 ) and we confirmed that this fully orthogonally protected carbamate can be partially deprotected (Scheme 5). Thus, treatment of carbamate 6i with K 2 CO 3 in MeOH removed the benzoyl group (86% yield) with only partial migration (10%) of the TBDPS group to the oxygen atom previously protected by the benzoyl group. Complete removal of the TBDPS group was achieved by treatment with TBAF and afforded carbamate 7 (78% yield). In the absence of the tosyl group, concomitant isomerization of the carbamate, as occurred when it was present (see Scheme 1), was minimized. In summary, allene 1 is a useful starting material for the synthesis of protected quaternary 2-amino-2-vinyl-1,3-diols by hydroboration followed by aldehyde addition since it avoids undesired migrations and affords a fully protected carbamate with complete stereoselectivity from a range of aldehydes in one step.
Experimental Section
All reactions involving moisture-or air-sensitive reagents were performed in oven-dried glassware under N 2 . Chemical shifts (d) are quoted in parts per million and in 1 H NMR are referenced to internal TMS (for CDCl 3 ). 13 C NMR are referenced to CDCl 3 (d 77.0 ppm). Column chromatography was performed on silica gel (Merck 230-400 mesh).
HRMS analyses were recorded on a LC/MSD-TOF mass spectrometer. Chiral aldehydes were prepared from D-mannitol 14 and (R)-methyl lactate. atmosphere. The mixture was stirred for 16 h at rt and filtered through a pad of Celite.
The solid was washed with EtOAc. Hz, 3H); 13 
